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294 PROF. ERNEST WILSON, MR. B. C. CLAYTON 

XLII. On Hysteresis Loss as aflected by Previous Magnetic 
B y  Prof. ERNEST History at Liquid Air  Temperature. 

WILSON, B. C. CLAYTON and A. E. POWER. 

RECEIVED f i ~  14,1912. READ JUXE 28, 1912. 

ONE object of this Paper is to examine the effect of previous 
magnetic history upon the dissipation of energy by magnetic 
hysteresis at  the temperature of liquid air. This effect at 
atmospheric temperature* and the effect of previous magnetic 
history upon permeability at liquid air temperaturet have been 
already studied. 

It is well known that if a piece of iron be subjected to a con- 
siderable magnetising (previous history) force, and then be 
tested for hysteresis loss and permeability, the results differ 
widely from what would have been obtained had the material 
been previously demagnetised. The hysteresis loss corre- 
sponding to a given maximum value of the magnetic induction 
B is increased, and the permeability corresponding to a given 
value of the magnetic force H is diminished, by the application 
of the previous history force. In Fig. 1, loop 1 is symmetrical 
about the origin and is obtained after the material has been 
carefully demagnetised. Loop 2 is obtained for the same 
value of the reversal force H after the application of a large 
previous history force, H,, and after many reversals of the 
reversal force H. Loop 3 is in connection with a further effect. 
Suppose that the specimen is carefully demagnetised and that 
a magnetising force (H,-H)  supplied by an independent 
source is very gradually increased to its proper value, which 
is such that the change of magnetic induction corresponding 
to a reversal of the force H is exactly equal to the change ob- 
served with loop 2 for the same change of H .  The change from 
loop 1 to loop 2 has been brought about by inter-molecular 
force, whereas the change from loop 1 to loop 3 has been brought 
about by the application of an externally applied constant 
force H,-H. If the effect of inter-molecular force were 
capable of being exactly equivalent to the externally applied 
constant force (H,-H), one would expect to find that the 
energy required to perform a complete cycle would be the same 

* See “ Proc.” Roy. Soc., A., Vol. 83, 1909, p. 1. 
t See “ Jour.’’ Phys. Soc., Vol. XXIII., Part IV., June 15, 1911. 
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in each case-that is, the area of loop 2 would be equal to the 
area of loop 3. 

The ring experimented upon is built up of stampings of 
Stalloy and is the same as was used in the previous experiments 
upon permeability at liquid air temperature.” The method 
of test employs the ballistic galvanometer. 

Referring to  Big. 2, the dissipation of energy is plotted in 
terms of the maximum value of the magnetic induction B, and 
curve A has been obtained by plotting the areas of a series of 
hysteresis loops (No. 1, Fig. I )  given by a carefully demag- 
netised specimen a t  atmospheric temperature. Curve B gives 
the corresponding areas at the temperature of liquid air. 

FIQ. 1. 

Curve C gives the areas of a series of loops (No. 2, Fig. 1) ob- 
tained a t  liquid air temperature after the application of a large 
previous history force ( d1) of about 26 C.G.S. units. Curve D 
gives the areas of a series of loops (No. 3, Fig. 1) obtained as 
above described with a carefully demagnetised specimen and 
during the application of a constant force H,- H. Curves A 
and B show that the loss is increased by the application of 
liquid air. Curves B and C show that previous history a t  
liquid air temperature gives rise to an increased value in the 
dissipation of energy for a given value of the maximum 
magnetic induction 6, and this is the effect at atmospheric 

*& “Jogr.” Phys. Soc., Vol. XXIII., Part IT., June 16, l g l l . ,  
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temperature also. Curves C and D show that the energy required 
to  effect a reversal of the same value of the magnetic induction, 
the one after the application of a given previous history force 
of about 26 C.G.S. units, and the other under the application 
of a given constantly applied force (H2- H) is greater in the 
former than in the latter case. 

In  Fig. 3 the curve A is given again, and contrasted with it 
are the curves E and E’ as given respectively by loops 2 and 3, 

I 

0 500 1,000 I ,son 
Ahximum Magnetic Induction B. 

Fro. 2. 

all a t  atmospheric temperature. The percentage increase in 
the dissipation of energy by magnetic liysteresis due to the 
application of a previous history force of about 26 C.G.S. units 
has been found by taking the difference between curves €3 and 
C and A and E respectively, and expressing it as a percentage 
of the corresponding ordinates of curves B and A ,  
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As regards loop 3 (Fig. 1) it is interesting to plot the per- 
centage increase of the area of loop 3 over that of loop 2, 
against reversal H €or a given value of the previous history 
force. This is done in Big. 4, the previous history force being 
26 C.G.S. units. In Fig. 4, curve G gives the results obtained 
in the presant experiments a t  atmospheric temperature, and 
curve H the results obtained at  liquid air temperature. Curve 

0 600 1,000 1,600 
Mazimzi?ta Magnetic Induction B. 

FIG. 3. 

I gives the results previously obtained a t  atmoshperic tem- 
perature with a different Stalloy ring.* As regards curves G 
and H, it cannot be said that there is a very great difference. 
The difference between curves H and I may be accounted for by 
the fact that  they were obtained with different specimens of 

*See  “ Proc.” Roy. Soc., A., Vol. 83, 1909, p. 1. 
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Stalloy. In this material the effect mainly develops at a force 
H of about 0.5, and before the point of maximum permeability 
is reached. 

Fig. 4 also shows the BH curves at  atmospheric and liquid 
air temperatures, the lower ones after the application of a 

Fro. 4. 

previous history force of 26 C.G.S. units, and the upper ones 
after careful demagnetisation. 

A general conclusion of the experiments is :- 
1. That without previous history effect the loss due to  

magnetic hysteresis at the temperature of liquid air is larger 
than a t  atmospheric temperature for a given value of the 
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maximum magnetic induction ; amounting to about 7.6 and 
8.9 per cent. when B maximum has values of 1,000 and 1,500 
respectively. 

2. That the percentage increase in the dissipation of energy 
by magnetic hysteresis due to the application of a previous 
history force of 26 C.G.S. units varies from about 21 to 17 at  
atmospheric temperature and 27 to 15 at  liquid air tempera- 
ture, as the value of the maximum magnetic induction varies 
from 1,000 to 1,500. Previous tests show that a t  atmospheric 
temperature this percentage difference rises to a maximum of 
about 45 per cent. for B maximum 500, and then diminishes 
with B maximum. 

3. That the excess energy required to reverse the magnetic 
induction for a given value of the reversal force H may be as 
high as 20 per cent. or over, according as the material has been 
polarised by the application of a previous force of 26 C.G.S. 
units, or continuously magnetised by the application of an 
independent external force, the total change in the magnetic 
induction being the same in each case. The effect occurs at  
its maximum in Stalloy at about H =04 and at a point pre- 
ceding the point of maximum permeability. The effect has 
about the same magnitude and occurs a t  about the same form 
at atmospheric and liquid air temperatures. 

NoTE.-In the Paper, " Jour." Phys. Soc., Vol. XXIII., 
Part IV., June 15, 1911, the temperatures at which Salloy loses 
its magnetic quality on heating and regains it on cooling were 
stated to be 850°C. and 830°C. respectively. Sir R. A. Hadfield 
has pointed out that these temperatures are more nearly 765 
and 755 respectively. 

ABSTRACT. 
This Paper is concerned with hysteresis loss in iron a t  atmospheric 

and liquid air temperatures under three different conditions : (1)  after 
the iron has been carefully demagnetised, (2) after it has been sub- 
jected to a large force (previous history) of about 26 C.G.S. units, 
and (3) whilst it is under the influence of an external constant mag- 
netising force after demagnetisation. One object is to discover 
(a) how the dissipation of energy varies in the above three cases 
when the maximum magnetic induction B is the same in each, (a) 
how it varies in cases (2) ancl (3) when not only the maximum 
magnetic induction is the same, but the value of the reversal force H 
is the same in each. This matter should concern any molecular 
theory of magnetism. 

It is shown both a t  atmospheric and liquid air temperatures that, 
the loss for a given value of the magnetic induction 6 is greater in 
case (2) than in either (1)  or (3) and that the loss in case (3) is greater 

VOL. M I V .  2 
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than in case (1). Moreover, the loss a t  liquid air temperature is for 
corresponding cases greater than a t  atmospheric temperature. For 
given values of the magnetic induction where the reversal force H 
and the temperature is the same for each the loss in case (2) is 
greater than in case (3), and the percentage difference between the 
losses rises to  a maximum of about 20 when has H a value of about 
0.5 C.G.S. units in stalloy. This percentage difference has about 
the same maximum a t  about the same value of reversal force H ab 
atmospherio and liquid air temperatures. 
As regards the importance of the  subject to  engineers, it may be 

mentioned t h a t  the watts dissipated by magnetic hysteresis may be 
increased by as much as 45 per cent., and the magnetising force by 
85 per cent. on the values these quantities need only have when pre- 
vious history effects have been wiped out. It would seem, there- 
fore, tha t  after severe short-circuits it might pay to demagnetise the 
cores of transformers, static-balancers, $0. 

DISCUSSION. 
Prof. C.  H. LEES asked if the effect due to the previous history would 

not disappear after the alternating current had been applied for a little 
time. 

Mr. G. L. ADDENBROOEE asked how Prof. Wilson distinguished be- 
tween hysteresis and eddy current losses. 

Mr. C. W. S. CRAWLEY pointed out that the curve of percentage in- 
crease in energy loss showed a minimum for  low values of H in the case 
of stalloy, as well as the maximum, and asked if the effect as a real m e .  

Mr. A. CAMPBELL remarked that it is now being found that it is almost 
as important that  the iron should be demagnetised before applying an 
alternating current tr, it as a direct one. 

Prof. E. WILSON, in reply to Prof. Lees, stated that although the 
alternating current had been applied to the specimen for an hour or more 
during the tests i t  would not wipe out the effect of a previous history field 
that was stronger than itself. In order to demagnetise the specimen by 
an alternating current the current must be large enough to produce a 
magnetisation greater than the previous history effect it was desired t o  
wips out, and must then be gradually reduced to zero. The ballistio 
method had been employed, which would take no account of eddy cur- 
rents. He thought the minimum shown by ztalloy a t  low values of H 
was a real one, though the accurate measurements were very difficult t o  
obtain a t  those low values. Lohys also showed the same minimum. 


